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e ADSTRACT

The objective of this study was to examine whether or

not relatively short period of sleep deprivation will

degrade cognitive skills. Using the Position Analysis

Questionnaire (PAQ) two critical submarine jobs were

analyzed to reveal the main attritates of the jobs and then
the kutotatfd Portable Test System battery (APTS) was used

to simulate these attributes. The PAQ analysis snowed

clearly that the cognitive skills (Estimation, .ental

process and decision *axing) were essential for these jobs

(i.e., Torpedo Data Coutrol Unit operator and Sonar operator

jobs).

The results showed that subjects were highly sensitive

to the sleep loss and their cognitive performance degraded

as a function ot 36 hours of sleep deprivation and time of

sleep deprivation.
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The modern sea battle concept is changing rapidly. The

long drawn out wars seem to be a thing of the past. The

nature of the war became shorter and shorter in the second

half of the twentieth century. The 1967 Arab-Israel war,

the 1973 Egypt-Israel war and the 1982 Faulkland Island

dispute demonstrated that the fighting was characterized by

intense operations requering long hours of physically and
mentally exhausting work with a little or no sleep. This

occurrance becomes mcre apparent if we consider submarine

operations under combat conditions. submarine operations

under combat conditions.

Even in the past, submarines being a surprise and secret

weapon had to have long and demanding waiting periods on

alert prior to real engagements. Today this waiting period

or alert is standing as a vital condition for survival

because of the recent developments in Anti-Submarine Warfare

(ASW) weapons and ASW capabilities of the twentieth century.

Since today's ASW weapons have been improving in terms

of range and lethality, the requirement for a classical,

conventional diesel submarine is for its crew to be wide

awaKe even in the pre-war periods. The effect of this situ-

ation is a requirement for long hours of physically and

mentally exhausting work without sleep.

The silent war of the silent service will be character-

ized by sustained (continuous) operations. Sustained opera-

tions are defined as those operations that are continuous

for 24-130 bours without let up in the active engagements.

Operaticns af this type are made possible by;

1. The extensive developments of the comoat capabilities

of the warships, either in speed or increased sensor

capabilities.

(3



2. Nev operational tactics (e.g.,The use of helicopters

and Variable Depth Sonar -VDS)
3. The introduction of the computer to the sea battles

Operations of all types will have to be conducted around

the clock. Shift sch edules will be modified and probably

extended indefinetly in some situations. The increased

workicad will magnify the problems by the intense use of

'lumans in the system.

uith intensive use of the human in a system, due to

exageneous and endogeneous demands, performance will be

affected. There are six major exogineous demands (Ref. 1].

1. Muscle (Related to the physical work and the muscle

groups involved)

2. Perceptual-motor (Due to eye-hand coordination)

3. Cognitive (Pelated to decision making, vigilance,

information processing and communication)
4. Emotional (Related to environmental factors and

causes to increased physiological arousal)

5. Temporal (Due to when and how long the task must be

performed)

Also five primary endogeneuos variables are (Hegge,
198 1)

1. Age (Resource utilization varies directly with Age

and recovery from fatigue varies inversely)

2. Physical fitness
3. Job skills (The more skilled an individual is at a

specific task the longer he can sustain his perform-

ance level in a specified level of that task)

4. Health status

5. Psychological fitness (During coatinuous operations

stress will increase)

One of the consequences of the above variables is

fatigue. Fatigue will cause a performance degradation in

any kind of task. Fatigue may happen primarily as tue

9



result of two factors, physical exertion and sleep depriva-

tion in such a scenario. To help in understanding the

effects of sleep deprivation, a relatively short review of

the sleep event will be useful.

Since all previous research is consistent in finding

strong trends in decreasing of cognitive performances

followingrelatively short periods of sleep loss, the objec-

tive of this thesis will be to determine whether or not

cognitive skills utilized by sutmarine operators will be
affected by only one night of sleep loss. In this study
twelve subjects were deprived of their normal sleep for 36
hours and some defined cognitive skill tests were given to
determine the effects of sleep deprivation on cognitive
skills founa to be important component in a sonar operator

and torpedo data control operator tasks.

10I
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A. CYCLE IND CYCLE EFFECT

One of the complex and urgent problems in dealing with
the operations that cause perscnnel to change their regular

day activities is justification and selection of the *day

duration for a given platform and assignment. Man's devel-

opment and existence under earth conditions over millions of

years has led to complex and stable stereotypes of the

physiclogic and psychic functions. .Ian has developed life

activity rhythms associated with variation of certain envi-
ronmental factors which are arbitrarily called " time

sensors ". Along with the purely physical phonemena

(sunrise, sundown, twillight, nighttime sky) the time

sensors of a social nature (breakfast, lunch, productive

work, recreational activity and rest) are of tremendous

importance.

If there is a difference tetween metabolic rhythms and

time sensors a complex pattern of psychophysiologic adjust-

ments arises, leading to desynchronization phonemena.

[Ref. 21

Another important human cycle is the circadiar cycle

which is any vital process or bodily function that tends to

repeat in approximately 24-hour cycles. It was shown in

many different studies that performance teids to degrade if

any worker circadian sleep-wake cycle is disturbed. High

tempos and workload of operations or dramatic changes in

regular day activities need not be present to distrupt the

cycle although these will surely do it. Basicly, according

to Srorcwsky;

• 11



" This distruption will happen if a person is awake when
his body is 'expecting' sleep or when his body is
"expecting" activity the latter of vhich will result in
thpoor uality A sleep that wiii be evident later inthe day.1

Every human being has observed an internal fact of body

which almost forces him to act in the direction of this

force. In other words, the human body operates on an

internal clock that regulates certain physiological

processes including sleep. These processes are cyclic in

occurrance and commonly called the diurnal cycle. [Ref. 3]

Humans as well as animals operate on a cycle that oper-

ates 24-hours. [Ref. 4]. Behaviorally we are strongly
affected by the diurnal cycle. We eat, sleep, exist based

on the internal clock. Regardless of the dark-light cycle

we tend to maintain a 24-hour (23 to 25) diurnal rhythm.

Physiologically the diurnal cycle affects the body in

several ways. For example, task performance peaks between
1200-2100 and its minimum between 0300 and 0600. [Ref. 5]

Some other effects of nigat are
1. A decrease in function by salivary and cther glands

of the routh, nose and tnroat occurs. This elimi-

nates need to swallow [Ref. 6]
2. .acrimal secretion decreases during drowsiness and

sleep as one become sleepy. (Ref. 71

3. Gastric and biliary secretion decreases during the

sleep cycle. [Ref. 8]
4. The heart rate slows and blood pressure decreases.

[Ref. 91
5. The pupil becomes restricted. (Ref. 10]
6. The body metabolic rate slows down. (Ref. 11]
7. Urinary secretion decreases. (Ref. 12]

These effects occur during the night portion of tae

diurnal cycle whether one is asleep or awake. Obviously,
they will not occur to the full extent if a persor is awake,
but they do occur and affect human perfomance.

12
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B. SLEEP DEPRIIATION

Although the amount of sleep that humans need varies

from individual to individual, recent studies suggest that

it will be about 6 to 8 hours per day. Extending wakefull-

ness beyond the time when sleep would normally occur causes

the bcdy to function in asynchrony with the diurnal cycle.

Reports of the effects of sleep deprivation range from

severe performance decrements after a few hours to rela-

tively little decrement after 240 hours. [Ref. 13]

Within a matter of a few hours after entering into

sleep deprivation the individual begins to feel sleepy. As

deprivation continues, sleepiness increases to a peak

between 0300 and 0600. During the late morning hours the

individual somehow feels RERS as he enters into after-

noon, sleepiness begins to increase again. This cycle

continues with the motivation to sleep becoming increasingly

stronger each cycle.

In these studies, it was shown that in the early morning

hours following the night which sleep deprivation occrred

performance will show no dramatic drop while at about 1400

it will show the most dramatic drop and about 2000 it will

raise again but not to the extend found under normal sleep

conditions. [Ref. 4]
The decline in total sleep duration to 5 to 6 hours per

24 hour period approaches the limit which was found to be

the minimum sleep duration which could sustain performance

in situations where sleep reduction was gradually and care-

fully controlled. (Ref. 14]

It has been also shown that the trends of the perform-

ance changes due to sleep deprivation irregularities suggest

that scaeduling of reguldr sleep periods for personnel may
ue necessary to maintain performance during extenaed

evaluations.

13
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It is interesting that even the time of the day that

deprivation occurs has an effect on performance. Clef. 15]

C. SLEEP STAGES AUD RECOVERY SLEEP AFTER SLEEP DEPRIVATIOIS.

There are two possible ways to define sleep and sleep

stages. EEG activity analysis which requires expert knowl-

edge to interpret or behavioral signs of sleep. However,

sleep is defined by behavioral measures we are faced with

the problem of the multiplicity of the measures that do not

always agree with one another. Commonly, changes in muscle
tone, response to stimuli, and so on may occur in different

stages of sleep.

Sleep is conventionally classified into 5 electrically

discriminable stages; i.e., stages 1, 2, 3, 4, and I-REN

(Rapid Eye Movement). Stage I and stage 1-REM, which is

normally associated with dreaming, are commonly taought of

as "light sleep". Stages 2, 3, and 4 are considered to be a

"deep sleep" period. The differentation of these stages is
accomFlished by continually recording the electrical

activity of the brain with an electroencephalograph (EEG).
While a knowledge of the exact electrical nature of the

sleep stages is not essential to this thesis, it is neces-
sary to establish that these stages of sleep do indeed

accomplish a distinct recuperative process in the body.

A loss or deprivation of stage 4 sleep is characterized

by a general sense of ill-feeling. [Ref. 16]. Wilkinson
(1968) noted that subjects deprived of stage 4 sleep exhib-
ited marked depressive and hypochondriacal reactions. 4e

mentioned that these hypochondriacal symptoms were aggra-

vated by personality withdrawal, and lessening of the

aggressiveness in the individual's normal behavior.

Lethargy, exhaustion, and reduced functioning have also been

a major effect. A loss of stage 4 sleep for more than 5

days has been likened to a full night's sleep loss.

14



After several nights cf total stage 4 deprivation,

almost continuous stimulation is required to prevent a

subject from entering stage 4 sleep. It is evident,

although not completely apprehended, that some undefined

function of this particular stage is virtually essential to

the recuperative processes of the body. Another indication

of the validity of this conclusion is the "recovery effect".

any reduction in the duration of stage 4 sleep is compan-

sated by a marked increase in stage 4 during subsequent

periods. This phenomenon has been noted by all researchers

without exception.
The "recovery effect" alsc holds for stage 1-REM sleep

deprivation. Individuals deprived of this dream stage will

increasingly attempt to enter it. The effects of REM sleep

deprivation appear to differ from stage 4 deprivation indi-

cating a separate recuperative furction.

Overall it can be hypothesized that the performance of
partial sleep deprived individuals becomes inconsistent ani

highly unpredictable.

Since it has been shown that deprivation time matters in
terms of performance of the individuals, a number of studies

were accomplished to examine the effects of selective sleep

deprivation. For instance Naitoh [Ref. 17], in his study

reported that;

1. A lack oi REM or slow wave sleep (SWS)-stage 3 and
stage 4- could not be compensated for by other sleep

stages.

2. FEM and SWS. could be interpreted as providing unigue
yet ardefined functions for the human crganism.
(Ref. 17]

However he stated that selective sleep ieprivation of

slow have sleep or REM stages shoued no perfomance 4ecrement
as measured by the mathematical addition, the strength of

the grip, or pursuit rotor tasks.

15



It was reported tnat five nights of REM deprIvation

resulted in psychlogical disturbances such as anxiety,

irritability and difficulty in concentrating.

Johnson [Ref. 181, reported that after two nights of

recovery sleep, most subjects would be back to their prede-

privation levels but it is still unknown whether similar

recuperation would occur if one denied these sleep deprived

subjects either REm or slow wave sleep during the first two

nights of recovery sleep.

He reported that rebound effect for both REMI and slow

wave sleep was present for the groups on the first night of

uninterrupted sleep, indicating that the selective sleep

stage deprivation was effective. Also as with the perform-

ance tasks, the return to the predeprivation psychlogical

states was the same fcr all subjects regardless of the type

of recovery sleep. It was also noted that the maximum

release of growth hormones occur during the first or second

hour of sleep, and appears to be correlated with the slow

wave sleep.

In their study Naitoh, Englund, Hyman and Hodgen

[Ref. 153, hypothesized that the impact of SWS sleep lepri-

vation on recovery sleep would be increased by physical

work. They used a 3-hour nap between two 21-hour continuous

work episodes. They also experimented with total sleep loss

resulting fro& being continuously awake tor 45 hours. They

conducted biological tests to examine their working

hypothesis. Finally they reported that whether or not the

subjects had exercised, physical work 4id not affect stage 4

duration as long as the subjects had a 3-hour nap. However,

they also found that the effect of physical work on stage 4

sleep aeprivation depends upon whether the subjects experi-

enced total sleep deprivation combined with exercise.

Ovecall they reported that total sleep deprivation coaLoined

with exercise resulted in a greater impact on recovery sleep

than sleep loss alone.
ml



D. 02ER aSPZCTS Of SLZ3P LOSS AND PZFORAECE

There are many other variables which affect the rela-

tionship between sleep loss and performance. For instance,

the question of whether the physical strength of the inli-

vidual has any effect on resisting performance degradation

after total or partial sleep loss has always been a matter

of interest over the years. There has been considerable

speculation in the tilitary about the value of physical

fitness in delaying the onset of cognitive degradation

caused by sleep loss. But research in this area But

research in this area is still in its infancy. A limited

study by the Army Research Institute for the Behavioral and

Social Sciences (ARI) indicates that being in super physical

condition probably will not delay cognitive degradition, at

least not during the early stages of sleep loss. [Ref. 4:

pp.5-7.1

It is a well-known fact that the quality of sleep is

different from person to person, sometimes even from time to

time for the same individual. Promotions were taken as

performance effectiveness in Navy and "good" sleepers and

"poor" sleepers were evaluated on obtaining promotions. The

number of promotions obtained by poor sleepers was signifi-

cantly lower (Only 13 % of the poor sleepers had received

promotions in the same period of their careers). In

contrast 84% cf good sleepers had received two cr more

promotions during their Navy careers. It was also reported

that good sleepers are more effective sailors. It is

surprising that since the study used questionnaire.. to

clarify the good and poor sleepers, this classification

depended upon individual's self evaluation. But differences

in total sleep time would appear to be the least important

contributing factor.

17



Although poor sleepers report subjectively shorter total

sleep, over 60% of then showed no significant reduction in

sleep when compared to good sleepers in the lab. Also on

days off, they reported total sleep time which was not

significantly different. The third factor was that the

complaint of poor sleep had to be viewed with respect to

total psychological state or well-being of the person

(ef. 193

It was believed that the complaint of poor sleep was

significant, regardless of whether this complaint was veri-

fied by current EEG sleep measure, in other words poor

sleepers have poor coping skills.

There is also a paucity of data on individual suscepti-

Dility to sleep loss effects and techniques to measure these

individual differences, but there is increased interest in

the individual differences in patterns of sleep as illus-

trated by the studies of natural long and short sleepers.
It is clear that there are short sleepers who sleep 6 hours

or less, and long sleepers, who sleep more than 9 hours.

Whether there are personality and behavioral differences

between these groups is still a matter of controversy, but

when it is known that reduced sleep will be inevitable,

short sleepers may perform better than long sleepers.

• .[Ref. 201

It was also shown that all types of skills are not

affected to the same degree following sleep loss.

Continuous sustained performance produces a more rapid dete-

rioration of performance and more disturbing psychological
events than would be expected from the sleep deprivation

period alone (Ref. 21]

The mental disturbances which their subjects experienced

seemed to result from a narrowing of attentional focus onto

monotcnous, repetitive inputs in combination with a degree

of social isolation and sleep deprivation. This raised the

18



question of whether socia.l contact could ameliorate the

performance deterioration and psychological disturbances

caused by sustained performance. It had been shown that

sustained performance rather than isolation was the main

factor in the deterioration which occurred (3ullaney,

Kripke, and Fleck, 1981). They stated that had larger

number of subjects been studied, the differences between the

groups might have reached statistical significance, but

social contacts clearly had no profound influence eitner

favorable or unfavorable on the performance of either

group. [Ref. 21: pp. 27-28]
If we consider the confined space interaction with the

human capabilities in a submarine operation, we can list a

number af side effects which cumulatively affect sleep pros-

pects of a crew. For example, after 265 hours cf continuous

diving cperation, it was found that;

1. Starting about the sixth and seventh day there was a

decrease in quality of sleep.

2. Dizziness, irritation of eyes, abdominal tensions and

* difficulty in breathing were reported frequently and

showed no trends in daily ratings.

3. More frequent and severe headaches occurred as

mission progressed.

4. 20 of subjects reported some difficulty on concen-

trating and less over-all efficiency.

5. A deteriorating trend in group morale started the

sixth to seventh day.
6. Lowered motivation started the sixth to seventh day.

[Ref. 22]

E. MAP: RESTORATIVE POWER AND SIDE EFFECTS OF THE NAP

Naps arE expected to restore the performance which was

affected by sleep deprivation. A person somehow feels

19



REFRESHED after a seasonable period of nap and can work for

a while without suffering sleepiness. This fact was

expressed by Naitoh, Englund and Ryman basicly as;

"Imong the few means of extending human effectiviness by
lesseig . sleepiness and an accumulation of fatigue
during continious voic, napping offers the most natural
approach."

[Ref. 23: pp.114-117.]

The detrimental effects of sleep loss on performance can
only te overcose by sleep of sufficient duration. "Resting

in bed" does nut help reduce the need for sleep. In theory,

two ways are possible to overcome sleep deprivation, either

uavinq sleep longer than normal hours and stockpiling excess

sleep (if possible at all) or using drugs or sleep inducers.

In real life human effectiveness is best extended by
providing enough periods for napping during continuous work.

(Ref. 23: p.1181

The restorative power of naps differs from individual to

individual For habitual nappers an afternoon nap does

improve mood and performance within 1.5 to 2 hour period

after being awakened from napping.

In tield studies, Haslam [Ref. 24], reported recupera-

tive power of small amounts of sleep in maintaininq job

performance. The side effects of naps, mainly sleep inertia
are also of particular importarce. Sleep inertia is basicly
defined as a drop of major abilities dfter a napping period.
It has been shown that immediately after awakening from a

nap, performance may show no improvements and may even be
worse thdf pre-nap levels. This sleep inertia is estimated
to last for about 15 minutes but aay extent to 2 hours in
some cases. Also it may disappear ds quickly is 1 to 5
minutes after awakening. [Ref. 25] It was also found that
the recovery occurred when a 2-h nap was taken from 1200 to

20



1400. This particular usefulness of a nap between these

hours finpoints the relation betveen circadian cycles and

naps. [Ref. 261

After examining the nap event it can be claiaed that the

recuperative effect of naps depends upon three variables;

1. Sours of prior wakefullness

2. Time of the day vhen nap is taken

3. Duration

Under the considerations above, it is believed that a

reasonable nap scheduling in a continuous work environment

may greatly help to reduce perfcrmance degraiation for the

crew which is essential in a real military engagement.

21
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The hypothesis that sleep loss will decrease cognitive

performance was rigorously supported by many research

efforts. In other wcrds, sleep loss and sustained mental

work can have dramatic effects on cognitive functions, even
during the early stages of sleep deprivation. Many studies

also snowed that under this continuous cognitive workload,
performance systematically declines [Ref. 27], but one

should be cautious against difficulties in lata transforma-
tion, mainly in three major areas. First, performance

degradation estimates are highly dependent on the types of

tasks subjects are required to perform. Second, intermit-

tent testing, i.e., varying from every hour or two to only
once per day does not produce sufficient data to obtain

reliable estimates of performance and these data may be
confounded by circadian variations. Third, since subjects

are usually tested infrequently, they may be able to draw on

unused reserves, or capacity not required during interim

periods to enhance performance during test periods; thus

performance estimates may be spuriously high because of

short term high-energy expenditure. Also, if testing is
continuous but low in demand, perfomance estimates may still
be spuriously high and-hence not generalize well to high-
demand sustained operations. [Ref. 27: p. 61

The study which was conducted Dy Roland, Heslegrave and
Angus (Ref. 27: p.65.1, states that it was the first study
to systematically examine changes in pertormance and -Pood

during sleep loss that were dependent upon the current

activity of the subject.
One of the reasonable questions to ask is whether the

sensitivity of short-duration tasks differs because of tne

22



sleep loss. In serial reaction, logical reasoning, simple

iterative subtraction, and complex iterative subtraction

tests, it was found that all these cognitive skills have the

same sensitivity for both short-duration tasks and rela-

tively long-duration tasks for the same length of sleep

loss. (Ref. 27 : pp. 68-71]

another question is whether performance degradation

from a continuous high-demand cognitive environment differs

from degradation from a less cognitively demanding environ-

ment. Previous studies have revealed that high-demand

cognitive environment appears to produce greater decrements

in performance. However, this degradation which was meas-

ured with respect to a predefined baseline, varied from

study to study. For example, most of the studies showed

that substantial degradation of performance occurred about

18 hours after the experiments begin for all kinds of tasks.

This reduced level of performan,e was maintained for about

24 hours after which another dramatic drop occurred. But in

the study of Heslegrave and Angus (Ref. 27: pp.105-108.],

the magnitude of this performance degradation was found to

be greater than reported in many studies using similar

tasks. Also it was noted that performance and mood showed

minimal recovery as a consequence of the circadian rhythm

approaching its normal phase during the second and third

days. Since a number of studies reported results that here

opposed to this result, circadian cycle asyncronization and

performance level relations should be investigated

carefully.

Also some preliminary evidence concerning tasks that are

discrete versus embedded was presented [Ref. 27]. These

findings suggest that subjects can maintain performance

better on tasks that are separated from their primary iunc-

tion than t-ey can on tasks that are integrated within taat

primary fuziction.
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In many previous studies, it was found that degradation

*; of perforaance in cognitive tasks was greater than for phys-

ical tasks. This result was also confirmed by the study of

- Haslam. She reported that tasks with a mainly physical
content suffered least, and those with a cognitive and vigi-

lance component suffered most compared to control values

over the first 4 days of sleep loss. [Ref. 24]

2
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I . BEIO

A. PARTICIPANTS

& total of 24 subjects were used in this study, 12 of

these were the experimental group which experienced 36 hours

of sleep loss while the remaining 12 were utilized as a

contrcl group. 19 of these subjects were officers in the

Turkish Navy, 1 in the Korean Air Force, and 4 of the
subjects were wives of the Turkish officers. None of the

subjects mentioned any physical or health problems prior to

the experiment.

B. DEFINITION OF JOB ATTRIBUTES AND SELECTION OF THE TEST

BITTERY

1. S trtctured Job Analysis

Since there does not exist a limited number of tasks
having specific characteristics unique to the submarine

environment, and all of the tasks have different wcrking
structures, it is eifficult to find specific tests that

represent the given operational task completely. So the
condition for obtaining valid measures from a specific test

which is designed to measure some aspect of performance

depends upon the selection of the tests. Ii cther words,
these tests should reflect critical job attributes. The

importance of revealing the major attributes of the job(s)

can nct be overemphasised.
In this thesis, the Position Analysis Questtonnaire

(PAQ) was utilized for two critical jobs, namely Torpedo
Data Control Unit operator
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(TDC) and Sonar operator jobs which are thought to be

affected by sleep loss. In order to define job attributes,

the PAQ was first proposed by McCormick in 1959. A rating

of 8 experts was suggested by McCormick. However, because

of the personnel ccntraints at the Naval Postgraduate

School, only 3 submariners were utilized to fill in PAQ

questionnaires regarding the sonar operator and TDC

operator.

The PAQ was designed to conduct structured job anal-

ysis. Structured job analysis procedures provide for the

analysis of various jobs in terms of each of a iumber of

"units" of job-related information. Such procedures typi-

cally provide tor the analysis of any given job in terms of

the relevance of each of the "units" in question, the anal-

ysis usually being in terms of either applicability to the

job or by the use of rating scale indicating the relative

extent to which the item does apply. [Ref. 28)

Since there are many different classes of job

related information that can be used in structured job anal-

ysis procedures, McLcrmick differentiated between what are

referred to as "job-oriented" versus "worker-oriented"

elements. worker-oriented elements tend to characterize tne

human behaviors that are involved in job activities, such as
the nature of the sensory, perceptual, mediation, and phys-

ical activities involved in jobs. If there would be any

similarities and diiferences between and among jobs of

different professionals, these would be revealed by the use

of a job analysis procedure based upon the use of worker-

oriented job elements.
,ecently, a Navy version of the PAQ was developed

consisting of 187 job elements of a worker-oriented nature

(Navy edition, Alma F. Harris and Ernest J. McCormick,

September 1973).
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In general the PAQ was developed to parallel the

conventional S-O-R (Stimulus-Organism-Response) model of

human activity which is predicated on the concept of a stia-

ulus acting on the organism to cause a probable response.
PAQ is basicly divided into six main activities involved in

a job;

1. Information output

2. Mental processes

3. Work output

4. Relations with other persons

5. Job context

6. Others.

Various rating scales are provide! to evaluate job

elements. Most of the rating scales are five point scales
rangirg from 0 (does not apply) to 5 (the highest scale
vilue) [Ref. 29]

After examination of the PAQ forms which were filled

by expert submariners it was found that the main character-
istcs of these jobs were (having at least a rating score 2.5
out of 5.0) were;

1. Estimation activities

2. Mental process and decision making
3. ianipulation/coordinaticn

4. Work schedule

All these attributes above (at least the first two)
have cognitive elements, and hence if we can employ reliable
and well-designed performance tests in terms of stability

and construct validity, we can conduct an analysis of
whether or not one night of sleep loss will degrade these
skills associated with the submarine operation.

Stability is measured by examining the effects of
extended practice on means, standard deviations and cross-
sessicn reliabities. Means are considered stable if they
are level, asymtotic or exhibit constant slope. Standard
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leviations are considered stable if homogeneous across

sessicns. Cross-session reliabities are considered stable

after they cease to change over sessions. (Ref. 30]

2. Test ft== Jq~at4A Pot~hJ Test aystem- (kPT)

The next step was to combine the attributes deter-

miLed above with a vell-designed test battery which could

simulate the real attributes of the submarine jobs. This

requirement was stated in a study by Kennedy and Bittner

(1977) as;

"' casual observations over several years of perform-
ance testing and a comprehensive reading over 400 'human
perfcrmance studies' in hyperbaria suggest that there is
a need for future studies into standardization of a
human performance test battery." (Ref. 31]

They claimed that performance test batteries are often

assembled for largely practical reasons on short notice, by

persons whose major interest is not performance testing.

They also stated that although this distinction is not

generally made, it is implicit that performance testing is

undertaken for two main purposes; first, to be able to make

some statement about the integrity of the organism, and

second, to determine whether an environmental factor inter-

acts with an organism's ability to do a particular kind of

work. 7he major advantage of the first approach is that it

depends heavily upon the knowledge of the validity of the
test. This approach heavily depends upon the following

principle of test construction; (1) norms, (2)reliabilities,

(3) validities, (4) factors tested, (5) effects of practice,

(6) individual differences. If all these principles were

*satisfactorily fulfilled, it wculd be possible to employ the

test. (Ref. 31:pp. 13-14]
For this reason the Automated Portable Test System

(APTS) hattery was chosen for the purpose of performance
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testing. As we already mentioned, one qf the most important

aspects of a test battery is whether or not the validity and

stability of the included performance tests were proven. In

this sense APTS programs were developed following an itera-
tive three stage process; identification, mechanization and

evaluation stages.
In the identification stage 30 performance measures

were found most suitable statistically for repeated measures
applications in an analysis of 140 measures from the PETERI
(Performance Evaluation Test for Environmental Research)

program. The goal during the identification stage is to

avoid mechanizing unstable or otherwise unsuitable tests.
In the mechanization stage tests were programmed.

In the evaluation stage which is the final and most vital
stage, assesment programs were examined for efficiency and

construct validity. Thus reliability and construct validity
of the PETER program were ultimately assessed. In this

sense, APTS provides highly stable tests to simulate real

jon attributes. Also the experimenter functions have oeen
designed so that they may be accomplished by paraprofes-

sionals. Typically, the overall system has been viewed as
very easy to use, reliablo and stable in terms of tests

applicability to the subjects. [Ref. 32]
After definition of the major attributes of the

sonar operator and TDC operator using PAQ results, the
following tests were found most appropriate to simulate
these attributes;

1. .athematical Addition Test

2. Stetberg's Short Term Memory Scanning Test

3. Air Combat Maneuver Test
4. Code Substitution Test

[ef. 33]

'Performance Evaluation Test for Environmental Research,

CDR R. S. Kennedy and Alvah C. Bittner, JR.
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3. TestsS

HITJERAICIL ADDT IO : This test measures the

arithuatic facility of the subject. The subject is

presented with three (3) two-digit numbers and is instructed

to enter the sum of the three numbers. Vhen the test is

completed, the subject's test results %i.e., number of ques-

tions answered correctly, the number of questions attempted,

number of questions presented) are presented on the screen.

This test was chosen, because it represents defined

PAQ attributes (i.e., estimation, manipulation/coordination

and mental process) successfully.
~~~j ~'S AjQ ~ dfQJ §QNNING TEST: This

test has been adopte4 from Stenberg's Short Term .emory

Scanruing Test. Stenberg assumes thaL if the selection of a

response requires use of information that is in memory, the

latency of the resrcnse will reveal something about the

process by which the information is retrieved. The delay

(latency) is interpreted to represent the time taken from

stimulus encoding to response processing.

This test was also chosen due to the Lact that the

cognitive component of this test corresponds well with the

major attributes of tue two submariner jobs assessed via the

PA, and responding to a stimulus is an essential part of

the mertal process and decision making found to be one of

the major attributes of the submariners jobs assessed by the

eAQ.

CODi _SUBSI~N TEST: This is a general intelli-

gence test that measures encoding ability and some memory

functions. This test simulates the manipulation/

coordination, mental process and decision making attributes

which appeared as major attributes in the two jobs via PAQ

analysis.
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AIR COSBAT JJflyEjj ESj: A subject who does well

on this test will generally do vell on manual control tasks.

Thizs test reDresents manipulation/coordination attribute of

the task vhich again were found to be important dimension of

both sonar operator and torpedo data control operator.

US I 19" ;gal Questionnaire: This question-

naire consists of a total of 29 guestiones. Each of the

four response categories is assigned a weight: "not at

all," 0; "a little," 1; "quite a bit," 2; "extremely," 3.

The sum of the 19 positive items is the P score. The posi-

tive items reflect feelings and behavior that generally

decrease following sleep loss. The sum of responses to tne

10 negative items is the N score. The negative N score

usually increases after sleep loss. The P score has been

found to be the most sensitive to sleep loss. This scale is

provided in Appendix A.

The performance tests were given to the subjects

three (3) times a day, at 0900, 1400, and 2000 following a

sleepless night. Also two tests were administrated to get

baseline performance values, the first one 24 hours before

the sleep deprivation, and the second 48 hours after the

third experiment completed and subjects had their normal

sleep. These five different experiments were. shown as 1, 2,

3, 4, and 5 on the Time Period axis of the performance

figures.

In this study 12 subjects were used as the exreri-

mental group and 12 sunjects were utilized as the control

group. In order to overcome matching problems ketween the

control and experiment group, a " CKj CO Q1" technique

was utilized (Held and Heim, 1963). With this technilue,

control subjects receive the same stimulation as expari-

mental subjects at exactly the sale time as the experimental

sub jects.
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Also a pre-experiment and post-experinent perform-

ance test was administered, where pre-experiment was one day
prior to the experiment and post-experiment was two days
after the experiment. This was done to make sure that
subjects returned to their predeprivation sleep/waking

states. The tests were given in the same order for all of

the subjects. Prior to the experiment, each of the subjects

received practice trials on each performance test. In addi-

tion they received three practice trials before each test

administration during the five test administration times

during the experiment.

A regression axalysis was conducted. The dependent
variable was a dummy variable (if a subject was in the

experimental group he received a "1", if he was in the

control group he received a "0,). The four independent

variables were the scores on the four performance tests.

The experimental group was given the NPRU dood
Questionnaire on two occasions, the first time one day
before sleep deprivation and the second right after the
experiment was completed. The first questionnaire was used
to establish the "Base Line" mood states of the subjects
while the second one assessed the effects of sleep loss.

Since both the experimental and base line values

were taken from the same subject, a repeated measurements
technique was utilized to test whether or not the N scores

increased as a result of sleep deprivation and conversely
whether the P scores would drop due to sleep deprivation.

A two-way mixed model Analysis of Variance (ANOVA)

procedure was used to test the two effects -namely sleep

versus nonsleep and time period- on the four performance

scores and the extent of interaction between them. In this
mixed design, sleep effect was the between subjects factor

while test time was the within subjects factor (Winer,

19b2).
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TABLE I

EXPERIBKUAL RODEL

SCURCE OF VARIATICY df SS HS F
-.. ~Between subjects - - - 1 ....

A (EXP/CONTBOL) p-1

Subjects within groups p(n-1)

Within subjects n;(q-1)

SB(Treatments) q-1

IAiB (Interaction) (P-i) W-1) 

I BiSubjects within groups p(n-1) (q-1)

II

In an experiment of the type represented above, the

main effects of the sleep deprivation factor are said to be

completely confounded with the differences between groups.

on the other hand, the main effect of the time period factor

as well as the interaction between factors will be shown to

be free ot such confounding. Tests on the time factor and

interaction will generally be considerably more sensitive

thda tests on the main effects of sleep loss. Where no

confounding with the group factor is present, there are

fewer ccDtrolled sources of error variance. The smaller the

error variance, the more sensitive (powerful) the test.

[Ref. 341

The primary purpose of this design is the control

that this kind of design provides over individual differ-

ences between experimental units. In the area of the behav-

ioral sciences, differences between such units often are

quite large relative to differences in treatment effects

wh.ch the experimenter Is trying to avaluate.
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* The linear model upon which the analysis will be

based has the following form:

X(i,,jfk)z=i+ a(i) * Ik(i) + P3(j) + ap(i#1)

The notation lTk(i) indicates that the effect of
subject k is nested under level a(i).
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V. 3jj3

lfathezaticl Aitl Tqst:

TABLN 11

AS OVA-RATHERATICAL ADDITIOI TEST

SOURCE OF VARIATION DF SS MS F

Eetween suDjects 23 8740.31

Sleep deprivation (SD) 1 10 10 1.792

I Sutjects between groups 22 122.7 5.58

I within subjects 48 1931054i
lime period (1) 2 12.21 6.10 4.4516

SDx1 2 27.46 13.73 5.006
7xSubjects within groups 44 60.334 1.371I

Fcr this test, sleep loss has no significant effect.

Also, it was found that the time period when the performance

tests were given made a difference (P=0.041). It was also

observed that sleep deprivation by time period interaction

was significant (P=0.017). Since sleep deprivation by time

period interaction was significant, a planned comparisons

test was conducted on the difference between the experi-

mental and control groups for time period three (1500) which

was to te most sensitive to sleep loss. The F value for
this comparison was 3.71 (P=0.058).
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L Stenerc!_ Shr UI 1U2rU Scini ZU :

"I TABLE III

ANOVA-STRNZBRGS SNORT TERN R1EORT SCANNING TEST

SOURCE OF VARIATION DF SS MS F

I etween subjects 23 833.241I Sleep deprivation (SD) 1 100.01 100.01 3.346

Subjects within groups 22 723.2 32.87

I lithin subjects 48 484.6

I iue period (T) 2 66.4 33.16 3.88

I SDxT 2 42.1 21.05 2.46

UxSubjects within groups 44 376.19 8.55

Fcr this test sleep deprivation had no effect on

performance (P=0.081). However, the time period was signif-

icant (P=0.023). No interaction effect was found. The

criterion used in this test was correct-false answers.
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3gqj Substiution Test:

TABLE IV I
ADOVI-CODE SUBSTITUTION TEST

SOURCE OF VARIATION DF SS 11S F

I jetween subjects 23 956.5

Sleep deprivation (SD) 1 410.9 410.9 16.57

I Subjects within groups 22 505.6 24.8 1
Vithin subjects 48 3536.7 73.7
liae period (T) 2 28.4 14.2 0.178

SDxT 2 4.19 2.1 0.0263
0.504 1

I 7xSubjects within groups 44 466, 1 0.6

Ccntrol and Experimental group performances were signif-

icantly different in this test (P=0.02). But no time or

interaction effect were found. The criterion used for

analysis ir this test was correct-fase answers.
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Coi a m2&.~aneu ering Test:

I--V TIABLE T

INOVA-AIR CONSA? MABEUVERING TEST

SOURCE OF VkRIA7ION DF SS HS F J

Eetween subjects 23 34214.7 1
Sleep deprivaticn (SD) 1 438b.7 4366.7 3.22 1

I Sukjects between groups 22 29848 1357.7 1
Within subjects 48 20906 435.6 1

I ime period (T) 2 595.8 297.9 2.51 1I SD 28
.xSubjects within groups 44 5213 118.5

In this test, the Control and Experimental groups did not
perform differently. No time period effect was found while

time period and sleep/nonsleep interaction effect was

significant. The criterion was total score of the subjects.
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kIUr2a loa kjgkIg : According to regression analysis,

the R value for regressing the four performance- scores on

the sleep loss versus no sleep loss dummy variable was

0.5794. This analysis showed that 58 % of the variation of

the difference between experimental and control group was

explained by these four test scores. The Code Substitution

test had the greatest impact (it was also the only perform-

ance score with a significant unique contribution

(P=O. 00 514)).

The NPRU Mood Scale questionnaire revealed that the P

scores of the experimental group considerably decreased with

respect to baseline sood states indicating that they were

affected by this sleep deprivation. Their irritability and

discomfcrt increased while the N scores were increasing. As

it is suggested in the NPRU Mood Scale questionnaire,

increasing N scores indicated dissatisfaction, mental/
physical fatigue and lowered level of morale. It was also

found that the N score was more sensitive to the sleep
deprivation than the P scores as it was suggested in the
NPRU Mood Scale Questionnaire.
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TI. DISCUSS1iO

In our analysis only one test (Code Substitution) showed

deterioration of performance due to the effects of sleep

loss. Also in Stenberg's Short Term Memory Scanning Test

and the Mathematical Addition Test, performance of the

subjects varied as a function of time period. In other

words, performance changed with respect to when the perform-

ance test was given following sleep deprivation. The only

interaction effect between sleep deprivation and time period

was observed in Mathematical Addition Test and ACH Test.

As determined by the PAQ, the cognitive dimensions of

the Scnar Operator job and the TDC Operator job were repre-

sented by four tests incorporated in the APTS battery. The

findings of this study demonstrated deteriorations of the

experimental group performance in one cognitive skill area

found to have a special value for submarine environment.

Because of the vital importance of these jobs to the subma-
rine in a combat situation, the impact of sleep deprivation
on performance can not be ignored. A reasonable sleep/wake

scheduling for these two operators is highly recommended in

such a scenario.
Some of the main segments of the sonar operatcr and TDC

operator jobs were able to be simulated by these tests as we
already discussed. Since the importance of these jobs to
the submarine's operational success is obvious, then any

potential factor that nay cause performance degradation on

these jobs should be analyzed carefully.

The findings in Mathematical Addition test and

Stenberg's Short Term Memory Scanning test suggest that

performance varies in different periods of activity

following sleep loss. Since it was found that at about 1400
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hours after a sleepless night performance degraded signifi-

cantly, then .both these operators should be relieved of

their activities at this period of the day if they have been

sleep deprived. These results match with the findings of

the previous studies found in Thompson's article (Ref. *].
who also stated that, at about this time of the day circa-
dian cycle effects exacerbate the effects of sleep loss.

Since the Code Substitution test mainly demonstrates a

cognitive skill, the performance degradation due to sleep

deprivation has a special importance. For example, one of

the main characteristics of the sonar operator is to

perceive the signal, manipulate it with the available infor-

mation he hds, and after interpretation, to report it. In

this seguence, the probable results of any error or incor-

rect anipulation of the information due to sleep loss need

not tc be emphasized to realize the necessity of careful

sleep scheduling for the sonar operator. Either scheduling

a careful sleep/wake regime or increasing the number of
qualified sonar operators on board are options which should

be given serious consideration by the commanding officer.

The same situation as above was found for the ACM test,

also. But this time, as PAQ results suggested, the ACd test
is well matched with the segments of the TDC operator job.

Hand-eye coordination and decision making aspects of the job

were deacnstrated very well in this test. Thus the same

cow,,ents :or the sonar operatcr job are valid for the TDC

operator as well.

These above results are powerful enough to predict a

performance drop in such a scenario. Wtiether or not

performance was found to be significatly impacted by sleep

deprivation, subjects were uncomfortable and tneir mood
state was affected negatively by sleep deprivation.

There are numerous other variables that impact on cogni-

tive performance during sleep deprivation that need to be
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investigated. For instance, motivation is the primary

factor- in performance during sleep deprivation. Since there

are many indications that it affects information processing,

cognitive complexity of the job under varying levels of

stress should be investigated.

In summary, sleep is vital to the inlividual. Any

attempt at self-denial, regardless of how dedicated the

individual is, will not result in avoidance of the deleter-

ious impact of sleep loss on critical job skills. The

commanding officer must understand the effects of sleep

loss, its systoas and counter-measures.

Both the literature reviewed and the findings of this

study suggest that commanding officers should structure the

operator's time to include at least some sleep each day.

This sleep may not be a traditional, long sleep but may be a

short nap sometimes as a part of a careful scheduling

effort.
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1135 HOOD SCALE QUESTIOUIAIBE

.6 0"i~u %Lott ~ *~

&C' -1

406.1-m 0 -

one"

W -9~ I .'ap

- -O- - -

040.'1u~g
9100 - - - - - -

P4~'S. mwon

"nta al"0 "a, IOU

3.. The sum of 19 positive iteas (active, alert, carefree, cheerful, able to con-
centrate, consiucrate, dependable, efficient, friendly, full of pop, good-natured,
..py iiinil, lively, pleasant, relaxed, satisfied. able to think clearly, able to
work hard) is the* P score. The positive items reflect feelings and behavior that
generally decrea'.c following sleep loss, C.,. feel less active, alert, efficient,
etc P scores range from 0 (extremely sleepy) to S? (extremely active and alert).
The sum of the responses to the 10 negative items (annoyed, defiant, drowsy, dull,
grouchy. .'ittery. sleepy, sluggish, tense, tired) is tabulated in the same way to
'nhtain the % score. The negative items usually increase following sloop loss.
Negative scores range from '. (extremely active and alert) to 30 (extremely sleepy).
The two scalts were included because it was found that certain subjects, such as
t'ho~v in t~e military, were reluctant to admit negative feelings and behavior while
t~vine. more uill.ni to 3amit to change in more positive-type feelingsi. College
'.tidents. on the tther hand, were more willing to admit to negats ve felings such
a' e. eased fetlings of fatigue, tension, and defiance. The P score has been

tounti to be the most sensitive to sleep loss, and it is recommended that the two
.Lalvs not be combined.
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